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A B S T R A C T
MB ⁄BacT vials (an automated system), Middlebrook 7H11 agar plates with the microcolony method for
growth detection, and conventional Lowenstein–Jensen egg-based medium were assessed for their rates
of recovery, time to detection and ease in aiding the identification of mycobacterial isolates. Of the 2101
consecutive, non-selected specimens for tuberculosis analysed in the laboratory, 158 (7.5%) yielded
growth of 159 mycobacteria on at least one of the three media, comprising 111 Mycobacterium tuberculosis
and 48 non-tuberculous mycobacteria. Of the 111 specimens positive for M. tuberculosis, 100 isolates
were recovered from MB ⁄BacT vials, 99 from M7H11 agar plates, and 86 from Lowenstein–Jensen tubes.
The combination of MB ⁄BacT and M7H11 recovered 110 isolates of M. tuberculosis, 107 from M7H11 and
Lowenstein–Jensen, and 105 from MB ⁄BacT plus Lowenstein–Jensen. The average time to detection of
M. tuberculosis was 11 days with M7H11 using the microcolony method, 16 days with MB ⁄BacT, and
19.5 days with the conventional Lowenstein–Jensen method. The MB ⁄BacT vials recovered greater
numbers of non-tuberculous mycobacteria than either of the other two media, but these were considered
mostly to be saprophytes. It was concluded that a combination of media was better than a single
medium. None of the media combinations showed statistical differences. Use of M7H11 with the
microcolony method, which shortens the detection time for mycobacteria and facilitates the detection of
mixed cultures, together with the Lowenstein-Jensen tube, was a useful combination.
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I N T R O D U C T I O N
Tuberculosis continues to be a healthcare problem
in Spain and, following the global trend, interest
has increased because of HIV infection and the
appearance of multidrug-resistant tuberculosis.
Current rates of incidence (>38.51 cases ⁄ 100 000
inhabitants) [1] place Spain among countries with
the highest incidence of infection (‡20 ⁄ 100 000),
and above the European average (33.3 ⁄ 100 000)
[2]. The present study was carried out in Navarra,
northern Spain, where the incidence is >17.8
cases ⁄ 100 000 inhabitants [3], with 91% of diag-
noses made in microbiology laboratories.
One of the most important ways to decrease the
incidence of infection is through rapid diagnosis,
particularly in patients with high numbers of
bacilli in pulmonary secretions who pose a greater
risk of transmission. Therefore, microbiology
laboratories should play an important role in
implementing appropriate control measures [4].
According to the Centers for Disease Control
recommendations for mycobacteriology laborat-
ories [5], the use of liquid media for culturing
Mycobacterium tuberculosis has become one of the
main diagnostic techniques. However, many
laboratories have not introduced radiometric
methods as they require expensive specialised
equipment and qualified personnel, as well as the
safe disposal of radioactive waste.
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The combined use of a broth and a solid
medium has been recommended [6]. Broth media
and agar media incorporating the microcolony
detection method have been found to decrease the
time to detection substantially [7–9]. Solid media
aid the detection of mixed mycobacterial cultures
and yield a greater number of positive cultures on
prolonged incubation [6]. The present study
compared the fully automated MB ⁄BacT system,
with two solid media, Lowenstein–Jensen (L–J)
tubes and Middlebrook 7H11 (M7H11) agar
plates, in order to evaluate their reliability for
use in the laboratory.
M A T E R I A L S A N D M E T H O D S
Over 16 months (from 1997 to 1999), 2101 consecutive, non-
selected specimens for tuberculosis culture were collected at
the Virgen del Camino Hospital in Navarra, northern Spain.
The following media were examined: L–J tubes (Becton
Dickinson, Cockeysville, MD, USA), MB ⁄BacT (Organon Tek-
nika, Turnhout, Belgium), and Middlebrook 7H11 (M7H11)
medium, which was prepared in-house from dehydrated
powder and Middlebrook OADC enrichment (BBL, Cockeys-
ville, MD, USA). For non-sterile specimens, an antibiotic
supplement (amphotericin B, azlocillin, nalidixic acid, polym-
yxin B and trimethoprim) was added to MB ⁄BacT vials.
Respiratory tract specimens constituted 77.2% of all those
examined (1273 sputum, 313 bronchial aspirates, 19 broncho-
alveolar lavages and 17 endobronchial telescopic brush spec-
imens), whilst the remaining samples were urine (181), CSF
(27), gastric aspirates (18), tissue and other sterile body fluids
(118), and others (135). Fluid specimens of sufficient volume
were concentrated by centrifugation at 3000 g for 30 min.
Where necessary, 2% NALC-NaOH [10] was used for diges-
tion–decontamination. The sediment was resuspended in
1.5 mL of phosphate buffer [10], of which 500 lL was then
inoculated into a vial of the MB ⁄BacT system, and 250 lL was
inoculated on to each of the L-J and M7H11 media. Examina-
tion and reporting of smears stained by auramine was
achieved within 24 h of specimen receipt.
The L-J tube was incubated at 36 C for 8 weeks in a CO2
5% v ⁄v atmosphere, and examined for growth once a week.
Culture-positive tubes were examined by Ziehl–Neelsen (ZN)
staining to investigate the presence of acid-fast bacilli. The
M7H11 plates were sealed with surgical Micropore tape (3M,
St Paul, MN, USA) and incubated at 36 C in a CO2 5% v ⁄v
atmosphere for 2 weeks, and subsequently at 36 C in a non-
CO2 incubator for a further 2 weeks. From the fourth day of
incubation, the plates were examined microscopically every
2 days for the first 2 weeks, and then macroscopically once a
week before discarding culture-negative plates [7–9]. Putative
mycobacterial colonies were examined by ZN staining.
The MB ⁄BacT vials were handled according to the manu-
facturer’s instructions (Organon Technika). The MB ⁄BacT
system is fully automated and scans the vials’ colourimetric
sensors every 10 min for a green to yellow colour change as
mycobacterial growth produces increased amounts of CO2.
The vials were incubated for 6 weeks. For each positive vial,
ZN staining was performed. A Gram stain was performed on
any vial that was ZN stain-negative. If staining did not reveal
the presence of any organisms, a subculture on a chocolate-
agar plate was made and the vial was re-incubated for up to
8 weeks. If there was no increase in the growth curve or a
change in the medium’s turbidity from these samples after
incubation for 8 weeks, they were considered to be false-
positive.
All of the specimens were cultured in parallel using all
three media, and growth of mycobacteria on any of the media
was considered to be positive. Identification of the M. tuber-
culosis complex was made by the M. tuberculosis Direct (MTD)
test (GenProbe, San Diego, CA, USA), used according to the
manufacturer’s instructions. Identification was confirmed by
biochemical testing at the Spanish Mycobacterial Reference
Laboratory (Laboratorio de Micobacterias, Instituto de Salud
Carlos III, Madrid, Spain). In addition, non-tuberculous my-
cobacteria (NTM) were identified by the reference laboratory.
Rates of recovery and time to detection were calculated for
each of the three media. The Chi2 test and 95% Confidence
Interval (mean ± 1.96SEM) were used to analyse differences.
Statistical analyses were performed using the SPSS v.8.0 (SPSS
Inc., Chicago, IL, USA) and Epi Info (CDC, Atlanta, GA, USA)
programs.
R E S U L T S
From the 2101 specimens cultured for mycobac-
teria, 159 (7.5%) mycobacteria were isolated.
M. tuberculosis was identified in 111 (5.3%) spec-
imens from 42 patients (with an average of
2.6 positive specimens ⁄patient), and 48 isolates
(2.2%) of NTM were identified in 47 specimens
from 39 patients. The NTM isolates comprised
M. fortuitum (16), M. gordonae (13), M. avium (8),
M. aurum (2), M. chelonae (2), M. scrofulaceum (2),
M. xenopi (2), M. kansasii (1) and Mycobacterium
spp. (2). One mixed culture was detected (M.
kansasii and M. avium). Clinically significant NTM
were isolated from four patients; the remainder
were considered to be saprophytes on the basis of
clinical records and discussion with consultants.
In two cases, M. tuberculosis was isolated from one
medium only (L-J and M7H11, respectively).
Of the 158 positive cultures, 68 (43%) were
smear-positive on initial staining with auramine,
or 59.6% if only M. tuberculosis was considered. In
the present study, <5% of all positive smears
were caused by NTM. There were 111 cultures
positive for M. tuberculosis on all three media
combined (Table 1), with 100 (90.1%) isolates
recovered from MB ⁄BactT vials, 99 (89.2%) from
M7H11 agar plates, and 86 (77.47%) from L–J
tubes. MB ⁄BactT detected 100% of the smear-
positive specimens, compared to 98.5% and
84.6% detected by the M7H11 and L–J media,
respectively. In the case of smear-negative
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specimens, the average detection rates decreased
to 76%, 76% and 67.4%, respectively. There was a
significant difference between L–J and the other
two media examined (p < 0.05), but not between
M7H11 and MB ⁄BacT. If both M7H11 and L–J
were combined, 107 (96.4%) M. tuberculosis iso-
lates were detected. MB ⁄BacT plus M7H11 resul-
ted in the detection of 110 (99.1%) isolates, while
MB ⁄BacT plus L–J detected 105 (94.6%) isolates.
Generally, combinations of media performed bet-
ter than any single medium (p < 0.05), and
although the recovery rate for MB ⁄BacT plus L–J
was higher than for MB ⁄BacT alone, this was
not statistically significant. For smear-negative
samples, any combination of media performed
better than a single medium, with the exception of
MB ⁄BacT plus L–J, which was only better than L–J.
Nevertheless, there were no statistically significant
differences between any of the combined media.
One patient yielded a culture of mixed myco-
bacterial species, which was first detected as
differing morphologies on the M7H11 plate.
The average time to detection was 10.94 (95%
CI: 9.76–12.12) days by the microcolony method,
15.96 (14.53–17.39) days by MB ⁄BacT and 19.43
(17.60–21.26) days by L–J medium. These figures
were 8.94 (7.68–10.20), 13.55 (12.10–15.01) and
17.77 (15.35–19.20) days, respectively, for smear-
positive specimens, and 14.60 (12.63–16.57), 20.43
(17.88–22.97) and 23.26 (19.74–26.77) days for
smear-negative specimens. Overall, the microcol-
ony method detected isolates significantly faster
than either macrocolony screening on L–J or the
MB ⁄BacT automated system. MB ⁄BacT was sig-
nificantly faster than L–J, except in smear-negat-
ive cases (Table 2). By day 14, 80%, >40% and
25% of isolates, respectively, were detected by
M7H11, MB ⁄BacT and L–J.
NTM (n ¼ 48) were isolated from 47 specimens
from 39 patients (Table 3). The combination of
MB ⁄BacT plus M7H11 recovered greater numbers
of NTM than any of the media, either singly or in
combination, although NTM isolates were only
considered to be clinically relevant in four
patients.
Thirteen (0.6%) of the 2101 specimens consid-
ered positive by the automated system were
considered ultimately to be false-positive; these
included four bronchial aspirates, four sputa, two
pleural fluids, one ascetic fluid, one gastric aspir-
ate and one colon biopsy.
In the present study, 6.7% of L–J, 9% of
MB ⁄BacT and 6.9% of M7H11 cultures were lost
because of contamination, caused mainly by
Gram-positive bacteria. Except in some special
cases, subsequent decontamination was not con-
sidered.
D I S C U S S I O N
One of the most important aspects of a tubercu-
losis control programme is the rapid diagnosis of
patients with active illness [4]. Despite the utility
of PCR in diagnosing tuberculosis, culture
continues to be the standard method [11]. Cur-
rent guidelines for the culture and isolation of
Table 1. Isolation of Mycobacterium
tuberculosis from the three media
studiedSpecimens
Number of
samples
processed
Isolation of M. tuberculosis
L–J MB ⁄BacT 7H11 L-J ⁄ 7H11 MB ⁄ 7H11 MB ⁄L-J Total
Sputum 1273 60 77 74 79 82 79 82
Bronchial aspirates 313 7 8 8 8 9 8 9
BAL 19 1 1 1 1 1 1 1
Urine 181 5 4 5 5 5 5 5
Gastric apirates 18 4 4 3 4 4 4 4
Others 297 9 6 8 10 9 8 10
Total 2101 86
(77.47%)
100
(90.1%)
99
(89.2%)
107
(96.4%)
110
(99.1%)
105
(94.6%)
111
BAL, bronchoalveolar lavages.
Table 2. Time (days) to detect Myco-
bacterium tuberculosis from the three
media studiedM. tuberculosis
L-J MB ⁄BacT 7H11
n x CI n x CI n x CI
Total 86 19.43 17.60–21.26 100 15.96 14.53–17.39 99 10.94 9.76–12.12
Smear-negative 31 23.26 19.74–26.77 35 20.43 17.88–22.97 35 14.60 12.63–16.57
Smear-positive 55 17.27 15.35–19.20 65 13.55 12.10–15.01 64 8.94 7.68–10.20
CI, confidence interval.
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M. tuberculosis recommend combined use of a
broth and a solid medium as this increases the
isolation rate [4]. Broth media are usually more
sensitive than solid media [12,13], but when two
solid media are combined, the recovery rate may
be similar or even better [14,15]. Following the
recommendations of other authors, two solid
media with different basal compositions were
examined in parallel, as the use of more than one
medium is known to increase the recovery rate of
mycobacteria [6, 16]. Most reports use either the
classical L–J medium, either alone or in addition
to other traditional egg-based media. In the
present study, the complementary L–J medium
(for extended incubation) and M7H11 agar plate
(for rapid detection of growth) were inoculated.
The present data show that there are significant
differences in recovery rates when using one or
two media. It appeared to be beneficial to use a
combination of two media, except when MB ⁄BacT
and L–J combined were compared to MB ⁄BacT
alone. None of the media combinations showed
significant statistical differences, although the
recovery rate was higher when using MB ⁄BacT
plus M7H11. The main difficulty was detection of
isolates in smear-negative specimens, and
although all of the combinations improved the
isolation rate, the MB ⁄BacT and M7H11 pairing
recovered more isolates.
As rapid recovery of the isolate is important in
tuberculosis diagnosis, the time to detection for
the three different media was recorded (Table 2).
In the case of smear-negative specimens, there
was no significant difference between MB ⁄BacT
and L–J. Although figures for average time-
to-detection in smear-negative specimens were
similar to other reports for MB ⁄BacT [14,17], in
the present study they were shorter for L–J
[8,14,18]. Thus, for both smear-negative and
smear-positive specimens, the fastest time to
detection was obtained with M7H11. These data
endorse previous reports [7,8]. An additional
advantage of M7H11 plates was their ability to
detect mixed cultures more readily [19,20]. Two
different mycobacteria were isolated from one
patient after incubation for 10 days in MB ⁄BacT
and M7H11, and after 15 days in L–J. Although
colonial morphology can be similar for M. kansasii
and M. tuberculosis, these organisms can be
differentiated by an adept microscopist.
MB ⁄BacT vials had a higher rate of contamin-
ation than the other two media. Most of the
contaminants were Gram-positive bacteria,
which was probably caused by the lack of
vancomycin in the antibiotic supplement. There
were 13 (0.6%) false-positive cultures, which was
lower than reported previously [17]. Many of the
contaminated cultures on the solid media could
be rejected without a confirmatory smear, but
every positive broth culture had to be confirmed,
which generates additional work for the laborat-
ory personnel.
There are a number of previous studies indica-
ting the reliability of MB ⁄BacT in the recovery of
mycobacteria [14,15,18]. In the present study, the
combination of MB ⁄BacT plus M7H11 plates
recovered a higher number of isolates than
any other combination, although there were no
significant differences between any of the combi-
nations for the M. tuberculosis complex. The man-
agement of these two media is time-consuming,
and screening of M7H11 plates requires qualified
personnel. However, the recovery rate for M7H11
plates and L–J tubes combined was high, and
use of the microcolony method resulted in the
fastest detection time for M. tuberculosis. L–J tubes
can be incubated beyond 8 weeks if necessary,
which resolves one of the major disadvantages
Table 3. Isolation of non-tuberculo-
sis mycobacteria from the three dif-
ferent media studied
Species L–J 7H11 MB ⁄BacT MB ⁄L-J MB ⁄ 7H11 L–J 7H11 Total
M. fortuitum 2 7 12 12 15 8 16
M. gordonae 0 3 10 10 13 3 13
M. aviuma,b,c 4 4 8 8 8 4 8
M. aurum 0 2 0 0 2 2 2
M. chelonae 1 2 0 1 2 2 2
M. scrofulaceumc 0 1 1 1 2 1 2
M. xenopi 1 0 1 2 1 1 2
M. kansasiib 1 1 1 1 1 1 1
Others 1 1 2 2 2 1 2
Total 10 (20.8%) 21 (43.7%) 35 (72.9%) 37 (77.1%) 46 (95.8%) 23 (47.9%) 48
aOne patient with M. avium (three isolates).
bOne patient with a mixed culture of M. avium and M. kansasii.
cOne patient with M. avium and one patient with M. scrofulaceum were considered to be of clinical significance.
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of the plate medium, which dries quickly and
must be discarded after 4 weeks. In addition, both
media can be incubated at different temperatures
and mixed cultures can be identified. However, in
other geographical areas where the recovery of
NTM would be highly significant, the use of broth
medium would be recommended strongly.
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